[1] This paper, by using the data of Cluster, TC-1, GOES, and eight ground stations on 22 October 2004, studied the characteristics of low-latitude Pi2s generated by an earthward bursty bulk flow (BBF) in the near-Earth tail plasma sheet. The BBF excited simultaneously two distinct classes of Pi2s: one is long-period Pi2 (90-130 s) and the other is short-period Pi2 ($50 s). The long-period Pi2 is transient response type Pi2 associated with field-aligned current produced by the braking of BBFs. The spectrum analysis show that the amplitude spectrum peak of long-period Pi2 increases with increasing latitude, indicating that the source is at higher latitudes. The time delay for the propagation of Alfven waves from Cluster to the Earth is very close to the time difference between the onset time of the BBFs at Cluster and the starting time of the long-period Pi2 on the ground. The short-period Pi2 is a global cavity mode since the Pi2s in H components at eight stations have almost the same starting time, same oscillation period, and same waveform, which are all typical characteristics of cavity mode. The amplitude spectrum peak of short-period Pi2 at NCK (N42.7) is larger than those at higher-station UPS (N56.5) and lower-station CST (N40.8). The polarization analysis at three lower-latitude stations shows that the polarization underwent two reversals. The major axis of the polarization ellipse points to approximately the north, indicating that the short-period Pi2s are not excited by nightside current system. TC-1 observed transverse mode Pi2s. Its period is almost identical with the periods of Pi2 on the ground, indicating they belong to the same wave. 
Introduction
[2] The geomagnetic pulsation Pi2s are irregular, damped magnetic pulsations in the period range from 40 to150 s, which occur at all latitudes on the nightside and exhibit latitudinal and longitudinal variations in amplitude and phase [Yumoto, 1986] . The high-latitude Pi2 pulsations are created by the substorm current wedge oscillations and are therefore mainly observed in the region of substormenhanced ionospheric electrojet. The evolution of highlatitude pulsations is tied to the evolution of the substorm current system. The midlatitude Pi2s (usually less than 10 nT) originate from the disruption of cross-tail current and are associated with the Alfven waves (carrying fieldaligned currents) that establishing the substorm current wedge [Lysak and Dum, 1983; Baumjohann and Glassmeier, 1984; Southwood and Hughes, 1985; Cao et al., 2004] . They are observed within a few hours of local time near the meridian of substorm current wedge and are accompanied with positive H bays. Low-latitude Pi2 pulsations may originate from a field line oscillation at the plasmapause [Saito et al., 1976] and impulsive disturbances launched near Earth plasma sheet in the tail which can produce cavity mode resonance [Saito and Matsushita, 1968] and surface waves at the plasmapause [Sutcliffe, 1975] . Also the solar wind disturbance can produce dayside cavity mode waves. Keiling et al. [2001] showed that the cavity mode in the plasmasphere, which is driven by impulsive source outside the plasmapause, is a promising mechanism for both lowlatitude and midlatitude Pi2 pulsations. The cavity mode is a resonance of large regions in the magnetosphere, which is formed by compressional waves confined between reflect-ing boundaries, allowing discrete resonances to form within the cavity.
[3] The bursty bulk flows (BBFs) in the inner plasma sheet of the magnetosphere are important phenomena that are closely related to magnetospheric activities and transport of energy and magnetic flux [Baumjohann et al., 1990; Angelopoulos et al., 1992 Angelopoulos et al., , 1994 Slavin et al., 1997] . BBFs are enhanced bulk velocity events of order of 20 min in duration, containing many short-lived (<10 s) high-velocity (400 km/s or more) flow bursts (FBs) [Angelopoulos et al., 1992; Cao et al., 2006; Ma et al., 2005 Ma et al., , 2006 . BBFs and its braking may be an important physics process that can link most substorm phenomena such as reconnection, current disruption, and aurora, etc. Nakamura et al., 2001] .
[4] Recently, the middle-/low-latitude Pi2 produced by BBFs, has been the topic of several studies. it has been proposed by many authors that middle-/low-latitude Pi2 pulsations can be generated by BBFs or in more general sense by compressional pulses produced by high-speed earthward flows in the near-tail [Shiokawa et al., 1998; Kepko and Kivelson, 1999; Kepko et al., 2001; Kepko et al., 2004; Kim et al., 2007] . Osaki et al. [1998] suggested that Pi2 pulsations observed off the magnetic equator in the plasmasphere are not a simple cavity mode oscillation excited by an impulsive source. Shiokawa et al. [1998] reported that substorm-associated high-speed flow burst was followed by a Pi2 pulsation that is observed both in the inner magnetosphere and on the ground. Kepko and Kivelson [1999] found that there is one to one correspondence between Pi2s at low latitudes on the flank and flow bursts in the magnetotail delayed by 1 -2 min and these Pi2s are not driven by cavity modes. Kepko et al. [2001] show that low-latitude Pi2 pulsations can be directly driven by compressional pulses associated with braking of oscillatory earthward flows. They also suggested that the flows in the magnetotail determine the properties of the low-latitude Pi2 pulsations. Kim et al. [2005] showed that the PBI (poleward boundary intensifications) associated Pi2 pulsations in their study have different features at different local times and suggest that their period and duration are determined at a source region, where fast earthward flows brake. Kim et al. [2007] found that the BBFs detected close to the mid plane of the plasma sheet have more chance to excite ground Pi2s.
[5] Yamaguchi et al. [2001] found that ground Pi2 signatures were correlated much better with geosynchronous Pi2 signatures than with perturbations of the plasma sheet flow velocity measured at Geotail. They thought that their results strongly suggested that the BBF was not the cause of the low-latitude Pi2 studied in their paper. Their conclusions are in part based on the assumption that the chance for single satellite Geotail to miss the BBF produced the wedge was small. The multisatellite observations of Cluster clearly show that it is possible that a single satellite can miss the BBFs even if it was located in the central plasma sheet, which is due to the localization of BBFs .
[6] Therefore to now, the relation between middle-/lowlatitude Pi2s and BBFs is still an open question, which is partly due to the lack of simultaneous satellite observations of Pi2 inside the plasmasphere and BBFs in the plasma sheet. Whether the earthward BBFs in the tail can drum the inner magnetosphere is still not clear.
[7] The combined observations of Cluster and TC-1 provide a precious opportunity to make such observations. The present paper makes a detailed analysis of characteristics low-latitude Pi2s caused by BBFs by using the data of Cluster, TC-1, Chinese, and European ground geomagnetic stations.
Data Sets
[8] Here we use ground-based magnetometer data from four Asian stations (Dedu, Kashi, Taian, and Kakioka) and four European ground stations (Uppsala, Nagycenk, Castello Tesino, and Ranchio). The Table 1 gives the geographic and geomagnetic coordinates of these eight ground stations. The largest local time differences among eight stations are about 8.66 h. This large local time difference allows the studies of global characteristics of Pi2.
[9] The ion velocity data of BBFs come from the CIS of Cluster [Reme et al., 2001] . The magnetic field data of Pi2 in space come from the FGM of TC-1 [Carr et al., 2005] . They are all of a time resolution of 4 s. The satellite positions and ion flow velocities are given in the GSE coordinates throughout this paper.
[10] The mission of Cluster consists of four satellites which are at a polar orbit with an apogee of 19.6 R E and a perigee of 4 R E . The TC-1/DSP satellite is at an eccentric equatorial orbit with an apogee geocentric distance of about 13.4 R E , a perigee geocentric distance of about 6934 km, and an inclination of 28.5°. The two missions collaborate with each other and can provide simultaneous measurements of fast flows in the near-Earth tail and geomagnetic pulsations in the inner magnetosphere. However, the instrument CIS was powered off in the radiation belt.
[11] The BBF criteria is the same as that in the work of Angelopoulos et al. [1994] and Cao et al. [2006] , and is as follows: (1) BBFs are segments of continuous ion flow magnitude V i above 100 km/s in the plasma sheet, during which V i exceeds 400 km/s at least for one sample period in the IPS (b > 0.5); (2) samples of V i > 400 km/s that are less than 10 min apart are considered to belong to the same BBF, even if the velocity drops below 100 km/s between these samples; (3) the BBF is defined to begin when its velocity exceed 100 km/s and ends when the velocity drops below 100 km/s. BBF event, the Kp index is about À2 and Dst index is À27. Figure 1 shows the auroral electrojet indices AU, AL, and AE from 1600 UT to 2000 UT on 22 October 2004.
[13] It can be seen that there is almost no eastward electrojet (AU is very small) and the westward electrojet is very weak (jALj < 70 nT during the interval 1700 -1745 UT). AE is smaller than 100 nT, indicating that substorm activity is very weak.
[14] Figure 2 shows the physical measurements in the GSE coordinates recorded by two Cluster satellites (C1: thin and C3: thick) during the interval of 1700 -1725 UT on 22 October 2004. Here the thermal electron pressure is ignored since in the plasma sheet the ratio of Ti/Te is about 5 -7 in the plasma sheet [e.g., Slavin et al., 1985] .
[15] During this time interval, Cluster was basically located in the near-Earth plasma sheet at (À11.9, 9.8, 0.6) R E in the GSE coordinates. Cluster entered plasma sheet at 1702:10 UT (beta is larger than 0.1) and the inner plasma sheet or near neutral sheet region (beta is larger than 0.5) at 1702:30 UT. However, Cluster left the plasma sheet temporally due to the flapping of plasma sheet. After 1710:15 UT, both C3 and C1 entered the inner plasma sheet.
[16] A BBF started at 1707:58 UT (on C3), which contains two flow bursts (FBs). The first flow burst appeared at 1707:58 (marked by vertical dot line) with a peak velocity of 504 km/s and the second at 1710:30 UT with a peak velocity of 600 km/s. The two flow bursts have both earthward and dawnward velocity components, indicating that the BBF move toward the Earth since the Cluster satellites were located in the duskward sector of tail. It is worth noting that there is also a small flow burst at 1704 UT with a peak velocity of 310 km/s. Since it has a small velocity, small dynamic pressure and an obvious duskward velocity component, we think that it has no obvious impact to the inner magnetosphere.
[17] It can also be seen from Figure 2 that just after each earthward flow burst, there existed a negative excursion of ion flow velocity. The phenomena of ''rebound'' was first pointed out by Slavin et al. [2002] and was thought to be associated with the decrease of ram pressure after the flow burst. Slavin et al. [2002] thought that as an individual flow burst dissipates, the resulting decrease in the ram pressure exerted upon the inner magnetosphere may allow the inner magnetosphere to rebound slightly as it moves toward a new pressure equilibrium.
Pi2s for the First BBF Event on 22 October 2004
[18] At 17:10, Cluster was located at about (À11.71, 9.70, 0.72) R E and TC-1 was located at (1.04, 2.34, À1.03) R E . Both Cluster and TC-1 were on the duskside. The local time of Cluster is about 2122 LT. The McIlwain L value of TC-1 was approximately 3.19 and therefore TC-1 was most probably inside the plasmasphere.
[19] Figure 3 But there is no obvious excursion in D component at KAS. All these observations suggest the existence of a new current system similar to substorm current wedge. In this electric current system, the field-aligned current flows upward in the premidnight sector and downward in the postmidnight sector. Both field-aligned currents are connected by westward ionospheric currents. The midlatitude stations KAS, DED, TAA, and KAK are all inside this current system. The fact that at KAS, the largest positive bay is observed and there is no negative D bay, indicates that KAS is located at the center of SCW current system. DED, TAA, and KAK are located in the east of SCW current system.
[21] The theoretical and observational studies show that the braking of BBFs is associated with substorm current wedge [Birn and Hesse, 1996; Shiokawa et al., 1998; Kepko et al., 2001] . Kepko et al. [2001] suggested that the inertia effect of flow braking generates a current perpendicular to the magnetic field and directed dawnward. Birn and Hesse [1996] found that the inertial current in the braking process of BBF is much smaller than the current produced by pressure gradient. The perpendicular current is diverted into the field-aligned currents that flow on a wedge-shaped circuit connected to the ionosphere. The current system decays as the flow disappears but it intensifies again when the next flow burst arrives.
[22] Therefore it is possible that here the braking of BBFs generates to field-aligned current and then produces an additional SCW system. The whole scenario can be described as follows: the reconnection in the midtail produces BBFs and a weak energetic particle injection (see http:// leadbelly.lanl.gov/lanl_ep_data/). The BBFs brake at the interface between dipolar and stretched tail field lines. The braking of BBFs at the tailward distance of 10-12 R E produces field-aligned current which is connected to the westward auroral electrojet in the ionosphere. Since the BBF mainly impact the inner magnetosphere from the premidnight direction, the produced SCW current system is located closer to the dusk side than general SCW current system.
[23] On the dusk sector, the H components at lower stations UPS, NCK, CST, and RNS have very small positive bays, indicating that these stations are located at the edge of SCW current system.
[24] Figure 3 shows that there is almost no any geomagnetic disturbance before the BBF. We argue that the BBF excited magnetic disturbances in the Pi2 frequency range. The Pi2s prior to 1714:00 UT are caused by the first flow burst. The Pi2s after 1714:00 UT are mainly caused by the second flow burst of BBF 1.
[25] The first flow burst excited two kinds of Pi2, one is long period Pi2 which started at about 1709:10 UT, and the anther is a short period Pi2 which started at 1710:45. The short-period Pi2 is superposed on the long-period Pi2. Figure 5 shows the amplitude spectra of the Pi2s excited by the first flow burst at UPS, NCK, and CST. The reason why we chose these three stations is that they are basically located at the same meridian plane. As shown in Figure 5 , there are two amplitude spectrum peaks, one is located at f $ 7.8 mHz (corresponding to a period of 128 s) and the other is at f $ 20 mHz (corresponding to a period of 50 s).
[26] The first long period Pi2 starts earliest at UPS, at about 1709:10 UT, 72 s later than the first flow burst. On the duskside, it is most clearly seen at higher-latitude UPS. On the nightside, it can be seen at KAS, DED, and TAA. The amplitude spectrum peak of long-period Pi2 increases with increasing latitude. The larger amplitude of long period Pi2 at higher latitudes indicates that the source of the perturbations is at higher latitudes. Such a source would be considered as field-aligned current associated with perpendicular current [Kepko et al., 2001] . This long-period Pi2 can be attributed to TR (transient response) Pi2 according to transient response model [Baumjohann and Glassmeier, 1984; Southwood and Hughes, 1985] . The field-aligned current is linked by Alfven waves to the auroral ionosphere, The Alfven waves are partially reflected because of an impedance mismatch between the ionosphere and magnetosphere. After several bounces, the Alfven wave dies out. For a TR Pi2 in a typical substorm, the initial amplitude of TR Pi2 is between À10 and 20 nT. Here the initial amplitude of long period Pi2 studied here is only around 1 nT.
[27] We can simply estimate the time delay for the propagation of Alfven waves from Cluster which is near the inner edge of the plasma sheet to the surface of the Earth. If the Alfven velocity is 1000 km/s, the delay time can be estimated as
This time delay is very close to the time difference between the onset time of the BBF at Cluster and the starting time of the long-period Pi2 at UPS. This result indicates that the long-period Pi2 is associated with field aligned current carried by Alfven waves.
[28] The first short-period Pi2 was observed around 1710:45 UT almost simultaneously at eight ground stations that are longitudinally separated (between 1757 and 0230 LT) and latitudinally separated (between 25.8°and 56.9°MLAT). The waveforms of H components of Pi2 over first three cycles at eight ground stations are almost identical.
[29] The oscillation periods of the short period Pi2 are independent of latitude and longitude and are all around 50s, which is in agreement with the periods of BBFgenerated Pi2s in the work of Kepko et al. [2001] . Thus the short-period Pi2 pulsations observed at eight ground stations belong to the same wave. At NCK, CST, and RNC, the short period Pi2 exists in both H (north -south) and D (east -west) components. But the amplitudes of H components of Pi2 are much larger than those of D components. The largest amplitude of H components is about 0.9 nT (at NCK) while the largest amplitude of D components is about 0.2 nT (at RNC).
[30] At higher-latitude stations UPS, the short period Pi2 is not obvious. However, it can still be seen that a short period Pi2 is superposed on the long period Pi2 (see the data during the time interval 17:11 À1713 UT in Figure 4a ).
[31] On the night sector, the waveforms of H and D components are different. At DED the first short period Pi2 exists in both H and D components while at KAS, TAA, and KAK it only exists in H components.
[32] As shown in Figure 5 , the amplitude spectrum peak of short period of Pi2 at NCK (N42.7) is larger than those at higher-station UPS (N56.5) and lower-station CST (N40.8).
Thus the source of short-period Pi2 is not from high latitudes. These observations suggest that the first short Pi2 is a global cavity mode since the Pi2s in H components at eight stations have almost the same starting time, same oscillation period ($50 s), and same waveform, which are all typical characteristics of cavity mode. The braking of the flow burst serves as a source of broadband power that drives an inner magnetospheric oscillator (such as the plasmasphere). If the compressional signal contains power at the resonant frequency of the oscillator (the cavity), cavity mode pulsations are generated.
[33] In addition, Kepko and Kivelson [1999] suggested that low-latitude Pi2 can be directly driven by periodic flow enhancements in the tail. It is obvious that the BBF in our study do not have a periodic structure. Thus the short period Pi2s are not directly driven by periodic flow enhancements.
[34] The fact that the short period Pi2 mainly exist in H components is also consistent with cavity mode because generally the compressional component of the fast mode waves maps to the H (horizontal, northward) component on the ground [Allan et al., 1996; Takahashi et al., 1999; Han et al., 2004] .
[35] The second Pi2 in H components appeared at 1714:00 UT. Since the second Pi2 is superposed on the damped first Pi2, the exact onset times are difficult to be identified. The waveforms of H over the first three cycles are basically identical, indicating that the H Pi2s were excited by the same generation mechanism. The largest amplitude of H components is 0.9 nT at KAS.
[36] Figure 6 shows the amplitude spectra of the second Pi2s at UPS, NCK, and CST. There is only one peak of amplitude spectra which is located at about 11 mHz. Therefore the oscillation period of second Pi2 is about Figure 5 . The amplitude spectra of H components at UPS, NCK, and CST for the time interval of 1708 -1714 UT, during which two Pi2s were excited by the first flow burst.
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CAO ET AL.: Pi2 EXCITED BY BBFS 91 s. However, there is an obvious bump in the amplitude spectrum of H at NCK at f = 20 mHz. Similar to the first long period Pi2, the peak of amplitude spectra of long period Pi2 decrease with decreasing latitude. Therefore like the first long-period Pi2, the second long-period Pi2 can be attributed to TR Pi2 which is generated by field-aligned current in the SCW current system produced by the braking of BBF.
[37] The three ground stations DED, KAS, and TAA also observed the second Pi2 in D components. Their characteristics are different from the second Pi2 in H component. At DED and TAA, the second D Pi2 has similar waveform with the second H Pi2 but with a phase lag of about 140°.
[38] Since the first short-period Pi2 exist in both H and D components at NCK, CST and RNC and the first longperiod PI2 has decayed to a very small level at these three stations, it is meaningful to study the polarizations of first short Pi2 at these four stations. Figure 7 shows the hodogram representations of H and D components of first Pi2 in the horizontal plane. The three stations NCK, CST, and RNC are located approximately at the same local times (around 1800 LT). It can be seen that the polarization of Pi2 at RNC is counterclockwise. Along the line of LT = 1800, the polarization underwent two reversals: from counterclockwise to clockwise between MLAT = 38.2°and 40.8°, and from clockwise to counterclockwise between MLAT = 40.8°and 42.7°. Figure 4 shows that the phase shifts exist mainly in the D component between three stations. The phase shifts in D components are not accompanied by phase shifts in H components, thus resulting in full polarization reversals, which is in agreement with that of Keiling et al. [2001] . The major axis of the polarization ellipse points to approximately the north, indicating that the first short period Pi2s are not excited by possible Pi2 current systems on the nightside.
[39] During the first BBF event, the TC-1 satellite moved close to the meridian plane where the European stations (around LT = 1800) were located. At 1710 UT, the geosynchronous satellites GOES10 and 12 were located on the dawnside (LT = 0610) and noon side (LT = 1210), respectively. Figure 8 shows the band pass filtered data (20 -180 s) of magnetic field components measured by FGM/TC-1 in the MFA (mean-field-aligned) coordinates, and GOES10 (thin) and GOES 12 (thick) in the satellite coordinates from 1705 UT to 1725 UT. To separate the field perturbations into the transverse and compressional components, the TC-1 field data have been rotated into mean-field-aligned coordinates as discussed in the work of Kim et al. [2001] in which e z is along the averaged magnetic field defined by taking the 6-min boxcar running averages of data, the azimuthal direction e y is parallel to e z Â r, where r is the spacecraft position vector with respect to the center of the Earth, and the radially outward direction is given by Figure 6 . The amplitude spectra of H components at UPS, NCK, and CST for the time interval of 1714 -1719 UT, during which a Pi2 was excited by the second flow burst. e x = e y Â e z . The data of GOES satellites are given as B ps , B es , and B ns in the satellite coordinates, where e p is parallel to the satellite spin axis, which is itself perpendicular to the satellite's orbital plane, e e lies parallel to the satellite-Earth centerline and points earthward, and e n is perpendicular to both e p and e e , and points eastward. The vertical dot line marks respectively the starting time of BBF.
[40] The Pi2s observed by TC-1 mainly existed in azimuthal (YMFA) component and its period is 128 s. The X (radial) and Z (compressional) component of magnetic field have a weak oscillation with a similar period. The magnetic latitude of UPS is 56.5°, which is very close to the footprint of TC-1. The fact that the period of Pi2 in space at TC-1 equals exactly to the period of Pi2 on the ground at UPS indicates that they belong to the same wave. The azimuthal oscillation in space detected by TC-1 is mapped to the H components on the ground after a rotation of 90°in the ionosphere. Thus the Pi2 observed by TC-1 is Alfvenic mode and is just the manifestation in the space of TR Pi2 produced by field-aligned current in the SCW current system.
[41] We also checked the magnetic field data of geosynchronous satellite of GOES 10 and 12, which were on the dayside and dawnside at that time. It is found from Figures 8d -8f that there is no obvious disturbance in all three components, indicating that the Pi2s observed at ground stations were excited by a source on the nightside.
[42] Therefore it can be concluded that the two flow bursts excite two distinct classes of Pi2s: one is a long period Pi2, which can be attributed to the TR Pi2 produced by field aligned current in the SCW current system, the other is a short period Pi2, which is a cavity mode.
Conclusions
[43] This paper, by using the data of Cluster, TC-1, GOES, and eight ground stations, studied in detail the characteristics of Pi2s generated by earthward BBFs in the near-Earth tail plasma sheet.
[44] A BBF containing three flow busts was recorded by the Cluster satellites on 22 October 2004. The magnetic field data of eight stations suggest an existence of SCW current system produced by the braking of BBF. It is possible that the braking of BBFs at the interface between dipolar and stretched tail field produced field-aligned current which is connected to the westward auroral electrojet in the ionosphere. The night ground stations KAS, DED, TAA, and KAK observed positive H bays. The fact that at KAS, the largest positive bay is observed and there is no negative D bay indicates that KAS is located at the center of SCW current system produced by BBF. The ground stations DED and TAA observed negative D bays, indicating that they are located in the east of this SCW current system.
[45] The BBF excited two distinct classes of Pi2s: one is long-period Pi2 (90 -130 s), and the other is short-period Pi2 (50 -70 s). The spectrum analysis shows that the amplitude spectrum peak of long period Pi2 increases with increasing latitude, indicating that the source of the perturbations is at higher latitudes. The time delay for the propagation of Alfven waves from Cluster which is near the inner edge of the plasma sheet to the surface of the Earth is very close to the time difference between the onset time of the BBF at Cluster and the starting time of the long period Pi2 at UPS.
[46] This long period Pi2 is like the TR (transient response) Pi2 according to transient response model [Baumjohann and Glassmeier, 1984; Southwood and Hughes, 1985] .
[47] The short period Pi2 is a global cavity mode since the Pi2s in H components at eight stations have almost the same starting time, same oscillation period ($50 s) and same waveform, which are all typical characteristics of cavity mode. In addition, the fact that the amplitude spectrum peak of short-period Pi2 at NCK(N42.7) is larger than those at higher-station UPS (N56.5) and lower-stations CST (N40.8) enhances this conclusion. The polarization analysis at three lower-latitude stations NCK, CST and RNC which are located at almost the same meridian plane, show that the polarization underwent two reversals: from counterclockwise to clockwise between MLAT = 38.2°and 40.8°a nd from clockwise to counterclockwise between MLAT = 40.8°and 42.7°.The major axis of the polarization ellipse points to approximately the north, indicating that the first short-period Pi2s are not excited by SCW current system on the nightside.
[48] The first flow burst excited both Pi2 simultaneously. The second flow burst excited mainly the TR type Pi2. However, the spectrum analysis shows that there is an obvious bump in the amplitude spectrum of H component at NCK at f = 20 mHz (see Figure 6) .
[49] TC-1 observed Alfvenic mode wave in the space, which mainly exists in the azimuthal components of mag- netic field. The periods of Pi2s detected by TC-1 in space equal almost exactly to the periods of long-period Pi2s on the ground, indicating they belong to the same wave. The azimuthal oscillation in space detected by TC-1 is mapped to the H components on the ground after a rotation of 90°in the ionosphere.
[50] TC-1 did not observe the Pi2 in the compressional component which is required for a cavity mode. This observation is similar to that in the work of Osaki et al. [1998] . Using Akebono satellite, Osaki et al. [1998] characterized electric and magnetic fields of two successive Pi2 pulsation events within the plasmasphere (L = 2.4-3.8, MLAT = 24 -40°, and À2240 MLT), found clear oscillations in the radial and azimuthal components with comparable amplitudes but did not find compressional component. This is because that the compressional waves are localized near the equatorial plane [Southwood and Kivelson, 1986; Lee, 1996; Osaki et al., 1998 ] and the satellites at magnetic latitudes larger than 16°may not be able to observe the compressional Pi2 pulsations and can only observe transverse Pi2 pulsations. The magnetic latitudes of TC1 from 1705 to 1745 are larger than 20°. Thus TC-1 did not observe compressional component.
[51] Up to present, there is still no sufficient observation about the Pi2s excited by the braking of BBFs, leading to the less understanding of characteristics of Pi2 excited by BBFs. This is in part due to the fact that most BBFs occur in the substorm time and the signatures of Pi2 excited by BBFs are readily obscured by substorm related geomagnetic disturbance. Moreover, the lack of satellite observations adds more difficulty to this research.
